The development of technology increases the environmental pollution and radiological effects. In the present work, the radiation effects were determined experimentally, in the high strength lightweight concrete according to water /cement ratio. Also, the mass attenuation coefficients of the high strength lightweight concrete samples which producing with perlite aggregate were determined. The measurements were performed using a high-purity germanium detector. Ten different gamma rays energies were used. It is observed that the mass attenuation coefficients of the concrete samples are decreasing with the increasing photon energies. The concrete obtained with perlite aggregate can be used for protect from the radiation.
Introduction
The light weight concrete, which has been used since antique Roman times, has become popular due to its low unit weight, high durability and good heat insulation. Especially, volcanic origin lightweight aggregates cause increase in strength, durability and heat insulation properties of the concrete due to their pozzolanic activities that reacts with free and reactive agents comes out of the cement hydration. Light weight concrete shows quite different properties depending on the production and used materials. With the advance and wide use of the technology, various equipment and materials used for the benefit of the human being have become dangerous to human health due to emission of the radiation. Especialy; hospitals, industry, research centers, nuclear reactors, and some of devices and materials used in agricultural sector have negative effects even though they provide quite a bit of benefits for human beings. There are three major proposals to minimize effects of the radiation on society, employees, patients, and workers. These proposal are used to keep the residents away from these regions which radiation-emitting apparatus to minimize the time people spend in these regions, and to increase the protection precautions. The most efficient method among these proposals is considered to be use of protective materials. The most commonly materials used for protection are concrete and lime plates covered with lead. The reasons for the usage of concrete are ease and inexpensiveness of its production, and formation of protective layer for both for proton and neutron radioactivity by the concrete. To provide optimum protection from the radiation, the absorption properties of the protective materials need to be known. Concretes can have different properties, due to different mixtures and aggregates. So that there is very limited information on transmission of photons and neutrons by light, normal and heavy weight concrete. Kase et al. (2003) have shown that the radiation absorption or transmission of the concrete do not depend on density but neutron transmission varies with the hydrogen content. Also, the photon transmission varieswith the atomic structure. The perlite aggregate have open and closed porous. Also it has approximately ten percent water inside in pourus space due to perlite is formed by the cooling of the magma in water. This structure of perlite aggregate decreases the radiation transmission of the concrete which produced with this aggregate. Stankovic et al. (2010) demonstrated that the materials and theirratios cannot be determined the desired levels of radiation in concrete in the materials used for the production of the concrete. Common opinion is the radiation absorption of concrete which is directly proportional with its aggregate type and density. Akkurt and Akyıldırım (2012) obtained results supporting this common opinion. They have shown that the concrete obtained by the usage of pozzolanic aggregate do not provide ideal radiation absorption dueto its porous structure and low unit weight. Perlite aggregate shows pozzolanic activity due to its nature. So that increasing the strength and cement matrix density by reacting with the free lime released with the hydration of the cement. This increases the durability and lifetime of the concrete. due to too much variation 
The aggregate was mixed by water (prewetted), 5% of its weight before the mixing. This is the reason that the light weight aggregates cause a problem by absorbing the water of the concrete during mixing, transfer and placement (pouring/casting). To prevent this, the pre-wetting (adding water to) of the aggregates is needed before the mixture. During mixing, aggregates first put into the mixer. It was mixed about 3 minutes. In a Table 2 . Chemical composition and physical properties of the cement used in concrete.separate cup water, plasticizer and cement were mixed to obtain a homogenous mix. The fluid mix was slowly poured into the aggregate in the mixer. This process was completed within about 3 minutes. After, the mixer was operated about 5 minutes to complete the concrete mixing. In the present work, it was determined the radiation effects of water to cement ratio. 7 different mixes were prepared with 4 different cements and 2 different waters to cement ratios, as seen from Table 1 . These samples were cured in cure tank for 28 days. All concrete samples were tested according to TS 3114 and ASTM C39. The chemical and physical properties of the cement used in concrete are given in Table 2 . The chemical composition of perlite aggregate is given in Table 3 . The experimental measurements were performed in Prof. Dr. Wolf Weyrich High Energy Spectroscopy Laboratories of Atatürk University, Erzurum, Turkey. The schematic view of the experimental setup is shown in Figure 1 . The mass attenuation coefficients of produced concretes were measured by using a high-purity germanium detector. The highpurity germanium detector has a beryllium window thick of 0.12 mm and active area of 200 mm 2 and a resolution of 182 eV at 5.9 keV. The spectra were recorded by using a Canberra (AccuSpec) PC-based multichannel analyzer card. Operating parameters of the system were governed and controlled by the computer program Genie-2000. The data were collected into 4096 channel of the multichannel analyzer. Data were analyzed by the Origin 7.5 software program. The concrete samples were irradiated at 59. 54, 80.99, 121.78, 344.27, 356.02, 662.62, 778.20, 964.08, 1112.07 The background count rate was subtracted from the measurements. The mass attenuation coefficients (cm 2 /g) is obtained by;
where x is the material thickness, ρ is the material density, I and I0 are the background subtracted number of counts recorded in detector with and without concrete material between detector and source, respectively. The theoretical mass attenuation coefficients were obtained by using a computer program.
Results and Discussion
There is no consensus on what the mix of the concrete should be to protect from radiation. Şahin et al. (2011) showed that the mass attenuation coefficient increases with the increasing cement amount and the decreasing coefficients of cement and perlite water cement ratio in conventional concrete. Ogundare et al. (2012) showed that the mass attenuation coefficient does not depend only unit weight. The mass attenuation coefficient depends on the structure of the aggregate used in the concrete. Aminian et al. (2007) concrete for protect from the radiation. So it can be said that the mass attenuation coefficient varies significantly based on the structure of the aggregate used in the production of the concrete. The overall error in the experimental parameters is the sum of the uncertainties in different factors, namely, the evaluation of peak areas (2.3-4.7%), target mass thickness (1.5-4.2%) and statistical error (< 1.00%). Total errors affecting the experimental parameters are calculated between 2.9-6.4%. compared the mass attenuation coefficient of the conventional concrete and concrete with the pozzolanic aggregate. They obtained that the mass attenuation coefficient of the pozzolanic concrete is lower than the conventional concrete due to porous structure and low unit weight of pozzolanic aggregate.
De Oliveira et al. showed that the mass attenuation coefficient of the concrete varies depending on the porosity and structure of the concrete. The theoretical mass attenuation coefficients of cement and perlite are given Table 5 . Also, the experimental mass attenuation coefficients of the concrete samples are given Table 4 . As seen from Table 4 , the mass attenuation coefficients are decreasing with the increasing photon energies. Also, the mass attenuation coefficients decrease with the decreasing the cement amount. Şahin et al (2011) have shown that the mass attenuation coefficient of the conventional concrete increases with the increasing cement amount. Since the mass attenuation coefficient of the cement is higher than the aggregate used in the production of the concrete, the mass attenuation coefficient increases with the increasing cement amount.
Conclusions
In this work, the mass attenuation coefficients of the high strength lightweight concrete samples were determined. It can be concluded that perlite is an important aggregate. The addition of perlite as an aggregate in concrete is an alternative option to be used for the purpose of radiation shielding. Also, the mass attenuation coefficient varies with aggregate structure in the same unit weight
References
Aitcin, P. 
